Background. There is little information on the cost parameters of weekly multimicronutrient supplementation programs.
Introduction
Micronutrient supplementation has been identified as one of the most efficient public health interventions. According to the Copenhagen Consensus, the provision of micronutrients to control iron-deficiency anemia has been ranked next to treatment of HIV/AIDS as the second most cost-effective investment to meet the world development challenges [1] .
Weekly multimicronutrient supplementation is expected to be less expensive than daily supplementation [2] . Evidence is essential for decision-making regarding the scaling-up of programs. However, there is little information available on the cost-effectiveness of these programs in larger populations. Thus, the objective of the present paper is to assess the cost, effectiveness, and cost-effectiveness ratio of a weekly multimicronutrient supplementation program. In particular, the analysis was aimed to include not only the purchasing cost of the supplements (foodlets and capsules), but also the costs of human resources, materials for education and social communication, and transportation.
Materials and methods

Population studied
In 2001, the Integrated Food Security Program (Programa Integrado de Seguridad Alimentaria [PISA]), in coordination with the Regional Health Directorate of Lambayeque (Dirección Regional de Salud Lambayeque [DIRESA]), began to implement a weekly multimicronutrient supplementation program for women and adolescent girls aged 12 through 44 years and children under 5 years of age living in the coastal city of Chiclayo, Peru. PISA conducted a baseline study to determine the rate of stunting in children from low-income areas in Chiclayo [3] . A census was then conducted to determine the number of women and adolescent girls S152 of childbearing age and under-five children living in those 26 communities previously identified as poor and where the prevalence of stunting was higher than 15% [3] . From a total of 66,299 inhabitants, 20,082 women and adolescent girls of childbearing age and 8,081 children under 5 years of age were identified as potential beneficiaries of the multimicronutrient supplementation program. Two types of supplements, known as Nutrivit, were prepared for the study. For women and adolescent girls of childbearing age, capsules containing vitamins and minerals were distributed in blister packs of four capsules; each capsule provided two recommended daily allowances (RDAs) per week. A second type of supplement, called the foodlet, was especially developed for small children. The foodlet could be masticated by the child and provided two RDAs per week. Blister packs containing four foodlets were also distributed weekly. The supplements were produced by Hersil Laboratories, Lima, Peru, which obtained the micronutrient premix from Roche Laboratories. The micronutrient contents of the two supplements are described by López de Romaña et al. [4] . During the fourth campaign of the supplementation program, 47% of the women and adolescent girls of childbearing age and 88% of the children were covered [5] .
Data collection
The analysis was based on data collected in the fourth campaign of the micronutrient supplementation, which was implemented from May through August, 2001. The distribution of the micronutrients and the nutrition communication campaign have been described by Gross et al. [5, 6] .
The sources of information were the documents generated by PISA, such as accounts, budgets, and monitoring and evaluation reports, as well as the databases from the surveys performed. In addition, primary data were collected by interviews with key persons and specific surveys involving community representatives. All costs presented were transformed from Peruvian currency (soles) into US dollars with the use of conversion rates officially registered for the year 2001. The rate was 3.521 soles per US$1 in 2001 and 3.329 soles per US$1 in March 2006. In other words, the program expenses would have been 5% lower if it had been implemented in 2006 [7] .
Statistical analysis
The analysis was conducted in three steps: estimation of the cost of the weekly multimicronutrient supplementation program, estimation of the effectiveness of the intervention in women and adolescent girls and in children, and estimation of the cost-effectiveness of the program.
Costs
The estimation of the routine cost of the weekly multimicronutrient supplementation program per year was extrapolated to a population unit of 100,000 community members in order to allow for the calculation of costs in other populations and draw conclusions on the affordability of the present intervention. Costs included the production and distribution of the supplements (capsules and foodlets), the communication campaign, the monitoring component, and program management. In order to calculate the cost estimate of the present analysis, three adjustments had to be made with regard to the actual costs of PISA: 1) the quota of general administrative costs, the cost of evaluations in depth, and the cost of the time that the community spent in the program were excluded; 2) the expenditures were calculated on a 1-year basis by extrapolating the cost of implementation of a half-year campaign to two campaigns per year; and 3) the duration of the supplementation campaign was extrapolated to 16 weeks per semester instead of the 12 weeks of the original project.
In order to get closer to the differences in implementation possibilities among developing countries, cost calculations were made for two scenarios. In one scenario, the weekly multimicronutrient supplementation program is implemented alone; in the other scenario, it is implemented as part of a broader public nutrition package in which several other interventions (e.g., growth-monitoring, oral rehydration, immunization, deworming, and malaria prevention and treatment) would also be in place. The yearly costs were calculated for each community member, targeted member, and member actually covered by the program.
Effectiveness
The effectiveness of the program was calculated by bivariate and multivariate analysis. For the bivariate analysis, the indicator selected to estimate program effectiveness was the magnitude of the protective effect of the supplementation, as measured by the avoidance of anemia in children and women and adolescent girls of childbearing age receiving supplementation as compared with a control group.
Effectiveness was estimated by the equation
where d = prevalence of anemia value after the intervention in the control group, c = prevalence of anemia value before the intervention in the control group, b = prevalence of anemia value after the intervention in the supplementation group, and a = prevalence of anemia value before the intervention in the supplementation group.
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Therefore, the expression (d -c) represents the change in the prevalence of anemia observed in the control group, and the expression (b -a) represents the change in the prevalence of anemia observed in the supplemented group. In other words, effectiveness was estimated by subtracting the increment observed in the supplemented group from the increment observed in the control group. This analysis was made for both children under 5 years of age and for women and adolescent girls of childbearing age.
A probit, stepwise, multivariate analysis was used to estimate which variables explained the presence of anemia in women and adolescent girls and in children (dependent variable). The independent variables included in the model were related to the family's capacity to access food (unsatisfied basic needs and overcrowding), the availability of resources (consumption of iron-rich foods and consumption of iron supplements), their capacity to correctly choose and use adequate foods (mother's nutrition knowledge and access to health information), and the characteristics of the individuals themselves (age, sex, and pregnancy). A dummy variable was also introduced to evaluate the impact of supplementation on anemia after statistically controlling for the other variables included in the model.
The theoretical model was
where Y represents the prevalence of anemia for the individual and is estimated operationally as the probability of having anemia, U represents the variables related to utilization, A represents the variables related to access, D represents the variables related to availability, P represents the variables related to personal characteristics, and O represents other factors, not included above, which could be associated with the prevalence of anemia, such as intake of vitamin supplements, intake of medicines, and whether the child received colostrum. There are two alternative ways to solve the equation according to F: a logit binomial model, in which F represents a logistic cumulative function, and a probit model, in which F is a normal cumulative function. Both alternatives delivered similar values for the estimates. However, the probit model was selected because the errors tended to be lower than with the logit model. Therefore, if the probability of having anemia, Y, is the dependent variable to be estimated, the equation can be expressed as
where Y is the individual's probability of having anemia, X includes all variables that could have an effect on the probability, B represents the relationships to be estimated, and U is the estimate error. The subindex i defines the cluster of variables for the ith individual, in this case a woman or adolescent girl or a child. Since Y i is a nonobserved variable, it was necessary to use a fictitious dichotomous variable Y i *, where the variable is assigned a value of 1 if the individual has anemia and a value of 0 if the individual has no anemia. In the end, what was estimated was the probability that one individual has anemia, expressed as follows:
and then
where F is a function of the cumulative probability of u i . The probit model uses the normal distribution function where it is assumed that u i ~ N(0, Var(u i )).
In summary, the magnitude of the impact or effectiveness of the multimicronutrient intervention was estimated in terms of the variation in the probability that an individual has anemia either as a consequence of the intervention or as a consequence of a change in one or more of the variables included in the model, also called explanatory variables.
Tables 1 and 2 present the list of explanatory variables (vector X above) included in the regression models and the directions of their expected effects for children and for women and adolescent girls, respectively. All variables were selected post facto by using information from the fourth supplementation campaign. The stepwise regression method was used to identify those variables that were most highly correlated with anemia. Regressions were computed for children and for women and adolescent girls of childbearing age both at the beginning and at the end of the campaign, for a total of four regressions.
Cost-effectiveness
Cost-effectiveness (CE) was expressed in terms of the ratio
where a = unitary cost of the program (US dollars per capita), under different assumptions mentioned above, and b = program effectiveness expressed in percentage points of protective effect by each method used for estimation (bivariate or multi variate).
Cost-effectiveness estimates are presented for both methods. The cost analyses were performed with the SPSS software package (SPSS for Windows, version 11.0, SPSS, Chicago, IL, USA). The effectiveness and cost-effectiveness analyses were performed with Intercooled Stata 7.0 for Windows 98/95/NT (Stata Corporation, College Station, TX, USA).
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Results
Costs
The total cost of the multimicronutrient supplementation program when implemented alone would be US$150,767 per year for a population unit of 100,000 ( Costs of the program S156 hand, if the intervention is implemented as part of a broader approach, the costs are cut to approximately half of the above.
Effectiveness
The results of the bivariate analyses are shown in table 5. It can be seen that for women and adolescent girls of childbearing age, the prevalence of anemia increased in the control group from 29.4% to 35.9%, while in the supplementation group there was no increase (33.9% vs. 29.7%). This resulted in an estimate of effectiveness of 10.7%. Similarly, the prevalence of anemia among children increased in the control group from 35.4% to 50.4%, while there was no increase in the supplemented group (39.7% vs. 40.2%). Therefore, the estimated effectiveness of the supplementation campaign for children was 14.5%. Table 6 shows those 
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variables in the multivariate analysis that were significantly correlated with the prevalence of anemia. The results of the multivariate analyses are shown in table 7. The dummy variable representing supplementation appeared in the hypothesis expected direction, with a statistically significant effectiveness that ranged between 9.70% for women and adolescent girls and 11.65% for children. Among women and adolescent girls of childbearing age, the variable with the highest effect on anemia was pregnancy (effect, 18.5%; p = .005), followed by supplementation and unsatisfied basic needs. In children the variables that had a significant effect on anemia were supplementa-tion, age, and sex. Unsatisfied basic needs appeared on the borderline.
Cost-effectiveness
The figures presented in table 8 are the cost-effectiveness estimates in US dollars per 1% of protective effect. To calculate the cost-effectiveness by analysis performed, a nonweighted average was taken of the effect of supplementation in children and in women and adolescent girls obtained by each analysis. Thus, the effectiveness estimate used for the bivariate analysis was 12.6%, which is the average of the effect observed in children (14.5%) and the effect observed in women and adolescent girls (10.7%). The effectiveness estimate used for the multivariate analysis was 10.6%, which is the average of the effect observed in children (11.7%) and the effect observed in women and adolescent girls (9.8%). The data in this table indicate that the costeffectiveness ratios were US$0.12 per point prevalence of protective effect per community member, US$0.28 per community member targeted, and US$0.50 per covered member. Again, when the micronutrient supplementation was considered as part of a public healthcare package, these values decreased by half.
Discussion
According to the findings, the cost of the weekly multimicronutrient supplementation program was US$1.51 per community member. Therefore, to cover the total population of Peru, which currently is approximately 28 million, the cost of weekly multimicronutrient supplementation of all children and all women and adolescent girls of childbearing age would be around US$42 million per year. In 2001, Peru spent more than US$200 million on food-distribution programs. During 2003, US$115 million was spent to distribute approximately 3.5 million rations on the Peruvian coast. It was not possible to estimate the exact coverage provided by the programs, given that in many cases the same individu- Cost-effectiveness is estimated as the number of US dollars per 1% of protective effect or US dollars necessary for the prevention of a 1% increase in the prevalence of anemia in a population unit of 100,000 inhabitants. Cost data are copied from table 4. b. The effectiveness estimate used for the bivariate analysis was 12.6%, which is the average of the effect in children (14.5%) and the effect in women and adolescent girls (10.7%). c. The effectiveness estimate used for the multivariate analysis was 10.6%, which is the average of the effect in children (11.7%) and the effect in women and adolescent girls (9.8%).
Costs of the program S158 als participated in more than one program. Nevertheless, the average cost of the ration per year was roughly US$32.9, with large variations among programs. As shown by the results of the baseline study [3] , even though 68% of the households are poor, there is hardly any energy deficiency observed that would justify food aid in this population. On the other hand, in this type of setting (i.e., poor coastal urban population) there is evidence of a high prevalence of iron-deficiency anemia and an increase in the prevalence of overweight and obesity. All of the above suggests that means other than food distribution should be identified to assist low-income households, and that nutrition programs in the coastal urban region should focus on controlling micronutrient deficiencies. If these two conditions were met, micronutrient deficiencies could be prevented and food-distribution programs would not increase the risk of overweight. As a result, food aid could be transformed into food-supplementation programs that would be better targeted to assist those who really need it, and in the process economic resources could be diverted to assist in the reduction of poverty by other mechanisms.
The results of vitamin A supplementation programs show that the cost of providing supplements ranges from US$1.01 to US$5.42 per recipient per year [8] [9] [10] . This program cost is in the upper range of costs of iron-supplementation programs, which was US$3.17 to US$5.30 per recipient per year [11] . The high cost in this study (US$6.04 per recipient) was due to the facts that the program was implemented alone, the participation of women and adolescent girls was low, the cost of the nutrition education campaign that was needed to achieve high compliance rates was high [6] , and the cost of providing multimicronutrients, in particular the foodlet administered to small children, was higher than the cost of providing a single micronutrient.
The cost of the nutrition education component in this program was estimated as US$72,315, or 48% of the total cost, and the cost per covered participant was US$2.90. According to Ho, the cost of a nutrition education program is US$2.50 per participant per year, an amount that should be considered in all public health and nutrition programs to obtain high compliance [12] . Finally, it should be noted that in the present analysis, all costs have been calculated based on the implementation of the supplementation program in a district. If the program is implemented nationwide, additional costs for social communication, advocacy, management, and administration at the national level would have to be included. However, some of these additional costs would be partially compensated by the increase in scale of the material produced (lower costs per unit of larger produced amount) and national communication campaigns, which could reduce the activities required at the local level.
A point to be made regarding the estimates of effec-tiveness is that the variables included in the multivariate analysis had heterogeneous measurement errors. For example, identifying a woman as belonging to the supplementation group had very low error, but variation was introduced by coverage and compliance, which are components of the supplementation variable. Variables such as child age and sex are known to have very low measurement error. However, the remaining variables included in the multivariate analysis, such as pregnancy, unsatisfied basic needs, mother's nutrition knowledge, overcrowding, intake of iron-rich foods, intake of other iron supplements, mother's knowledge and practices of adequate breastfeeding, access to educational material from the Ministry of Health, intake of other vitamin supplements, intake of medicines, and whether the child received colostrum at birth, were expected to have high measurement errors within and across populations. Furthermore, the fact that the control group was not designed as a paired control may have introduced additional noise in the system. Finally, it has been reported that the HemoCue method of assessing hemoglobin concentration can have significant measurement errors if capillary blood is used [13, 14] . Given that these variables were used as gross proxies of the phenomena they were supposed to measure, the protective effect of supplementation was probably underestimated.
With acknowledgment of the above reservations and the advantages and limitations of the two analytic methods used, the following conclusions can be drawn: both methods delivered estimates of effectiveness in the direction of the expected effect; both methods delivered higher estimates for children than for women and adolescent girls; the estimates resulting from the multivariate analysis were consistently lower than those from the bivariate analysis because of the statistical control for the effect of covariation that was applied in order to obtain the net differentiated effect of the supplementation; and the difference between the methods in the protective effect against an increase in the prevalence of anemia is on the order of 2%. Thus, the true value of the effectiveness of supplementation probably lies within this range.
There is little information available about the costeffectiveness of similar programs to permit useful comparisons with the present analysis. No important differences in cost-effectiveness were anticipated between children versus women and adolescent girls, since the slighter higher effectiveness observed in children is compensated almost totally by the higher cost of the foodlets for children compared with the cost of the capsules for women and adolescent girls. Analysis using the total cost of the more expensive pilot project (PISA) delivered very similar cost-effectiveness ratios for children and for women and adolescent girls (US$0.71 and US$0.70, respectively). A program with the same design using higher doses or implemented for longer periods S159 of time could be expected not only to have a protective effect but also to notably reduce the prevalence of anemia and other micronutrient deficiencies, with few cost increases. This is because the cost estimates already include the costs of an extension of the supplementation period from 12 to 16 weeks, two campaigns per year instead of one, transportation of the supplements, program management, and nutrition education.
For example, doubling the iron content of the supplement for adults would add only US$264 to the cost of ingredients. This would imply an increase of 0.18% (US$264/US$150,767) in the total cost per year if the program is implemented alone and 0.36% (264 US$/72,971 US$) if it is implemented as part of a comprehensive public nutrition package. Increases of similar orders of magnitude would be observed in the yearly costs per community member, per targeted beneficiary, and per actually covered beneficiary. The reason for this is that the major component of the total cost of the supplements (US$36,152) is the cost of transport (US$28,652, or 79.3%) and not the cost of the ingredients (US$7,500, or 20.7%). The transport cost would not vary significantly if the amount of the ingredients was doubled. In fact, the cost of purchasing the supplements was 5.0% of the total cost of the program when it was implemented alone and 10.3% of the total cost of the program when it was implemented integrated into a broader range of activities (US$7,500/ US$150,767 and (US$7,500/US$72,971, respectively).
Thus, multimicronutrient supplementation is notably more cost-effective than the current food-distribution programs, which do not address micronutrient deficiencies occurring in these populations and may increase the risk of overweight and obesity. Food-distribution programs are also very expensive, with annual costs of more than US$20 per capita, and usually involve undesirable vertical approaches, with the risk of insufficient transparency and accountability.
